Rationale: Hormonal and metabolic status appears to influence lung health in women, and there are findings suggesting that early menarche may be related to asthma, cardiovascular disease, diabetes, and breast cancer. Objectives: This study investigates whether age at menarche is related to adult lung function and asthma. Methods: Among participants in the European Community Respiratory Health Survey II, 3,354 women aged 27-57 years from random population samples in 21 centers responded to a questionnaire concerning women's health (1998)(1999)(2000)(2001)(2002). Of these women, 2,873 had lung function measurements, 2,136 had measurements of bronchial hyperreactivity, and 2,743 had IgE measurements. Logistic, linear, and negative binomial regression analyses included adjustment for age, height, body mass index, education, smoking, family size, and center. Measurements and Main Results: FEV 1 and FVC were lower and asthma was more common in women with early menarche. Women reporting menarche at age 10 years or less, as compared with women with menarche at age 13 years (reference category), had lower FEV 1 (adjusted difference, 2113 ml; 95% confidence interval [CI], 2196 to 233 ml) and FVC (2126 ml; 95% CI, 2223 to -28 ml); also lower FEV 1 expressed as a percentage of the predicted value (23.28%; 95% CI, 26.25 to 20.30%) and FVC expressed as a percentage of the predicted value (23.63%; 95% CI, 26.64 to 20.62%). Women with early menarche more often had asthma symptoms (odds ratio, 1.80; 95% CI, 1.09-2.97), asthma with bronchial hyperreactivity (odds ratio, 2.79; 95% CI, 1.06-7.34), and higher asthma symptom score (mean ratio, 1.58; 95% CI, 1.12-2.21). Conclusions: Women with early menarche had lower lung function and more asthma in adulthood. This supports a role for metabolic and hormonal factors in women's respiratory health.
Age at menarche signals the start of women's reproductive life and is determined by environmental and genetic factors (1, 2) . Early menarche is associated with several aspects of adult health. Women with early menarche have an increased risk of cardiovascular disease, breast cancer, and metabolic syndrome, including obesity and diabetes type 2 (3, 4) . During the last 100 years the median age at menarche has decreased from 16-17 years to less than 13 years (1, 5) . There is evidence that age at menarche is decreasing in the Western world, and as childhood obesity is associated with earlier menarche, this change may be partly explained by the global obesity epidemics (1, (5) (6) (7) (8) .
Level of lung function is a strong predictor of respiratory health as well as general health (9) . The literature shows that lung function is related to hormonal and metabolic factors. Real and colleagues showed that lung function was lower in menopausal women (10) , and that women with irregular menstruation had lower lung function (11) ; furthermore, lung function is associated with body mass index (BMI) (11, 12) . Developmental factors are important for adult lung function (13) , also suggested by studies showing associations between low birth weight and adult lung function (14, 15) .
The literature gives several indications that hormonal and metabolic factors play a role in asthma. Asthma is more prevalent among boys than girls; this relationship is reversed on reaching puberty, so that the incidence of asthma among adolescent girls is higher than among adolescent boys (16) . In a study of subjects with asthma, airway responsiveness was more severe among postpubertal girls than among boys (17) . After puberty women appear to have more asthma than men (18) (19) (20) . Increasing BMI is associated with higher asthma risk (11, 21) and severity (22) , especially among women (23) . Girls who become overweight have a sevenfold risk, in comparison with boys, of developing asthma symptoms (24) . Developmental aspects play an important role in asthma; there is literature indicating that impaired fetal growth influences adult asthma risk (21, 25) . Studies by Varraso and colleagues (23) , Guerra and colleagues (26) , and Salam and colleagues (27) indicate higher asthma risk among women with early menarche. Whether age at menarche is associated with lung function or bronchial reactivity has not been investigated to our knowledge.
We wanted to investigate whether age at menarche is related to subsequent respiratory health. In the present analysis, using data from the multinational European Community Respiratory Health Survey II (ECRHS II), we investigated the associations of age at menarche with adult lung function, and the associations of age at menarche with asthma, asthma symptoms, and bronchial reactivity.
Some of the results of these studies have previously been reported in the form of an abstract (28) .
METHODS
Participants in ECRHS I, a multicenter study including random population samples born in 1945-1970 (29) , were invited to a followup study, ECRHS II (30) , including an interviewer-led questionnaire, measurements of lung function, BHR, and serum-specific IgE.
This analysis includes 3,354 women aged 27-57 years from 21 ECRHS II centers who answered a questionnaire concerning age at menarche, pregnancy, menstrual cycle, menopause, contraception, use of exogenous sex hormones, and menopause. The question ''How old where you when you had your first period?'' defined age at menarche. Women reporting asthma before menarche were excluded (n 5 220).
FEV 1 and FVC were determined by a standard spirometry procedure and recorded. The maximal FEV 1 and FVC, of up to five technically acceptable maneuvers, were registered (12) . The ratio between FEV 1 and FVC was calculated.
Methacholine challenge was performed with a dosimeter (Mefar, Brescia, Italy). FEV 1 was recorded 2 minutes after each inhalation of methacholine, and the test was stopped when either a 20% fall in FEV 1 was achieved or after a final maximal dose of 2 mg of methacholine. ''Asthma with BHR'' was defined as having current asthma and a 20% fall in FEV 1 when challenged with methacholine. Current asthma was defined by the question ''Have you had an asthma attack in the last 12 months?'', ever asthma by ''Have you ever had asthma?'' Wheeze was defined as wheezing or whistling in the chest during the last 12 months. The following symptoms reported during the last 12 months were included in the variable ''three or more asthma symptoms'': wheeze, waking with tightness in chest, shortness of breath in daytime, shortness of breath after strenuous activity, waking with shortness of breath, and waking by attack of cough.
The asthma score represents the sum of positive answers to the following five symptoms in the last 12 months: breathless while wheezing, waking with tightness in chest, shortness of breath in daytime, shortness of breath after strenuous activity, and waking with shortness of breath (31) .
''Allergic sensitization'' was defined as specific IgE against house dust mite (Dermatophagoides pteronyssinus), cat dander, timothy grass, and/or Cladosporium herbarum.
BMI was based on measured weight and height, and calculated as weight in kilograms divided by the square of the height in meters. Categorization as ''current-smokers,'' ''ex-smokers,'' and ''neversmokers'' was defined by the answer to the question ''Have you ever smoked for as long as a year?'' If the answer was yes, ''Do you smoke now, as of one month ago?'' Current smokers were grouped into three categories by number of pack-years. Education was defined by age at completed full-time education and was divided in three tertiles specific for each country. Age at menarche was categorized in whole years with the median value, 13 years, as the reference group. Linear regression models were used to assess the effects of age at menarche on the continuous variables, FEV 1 and FVC. Symptom score was analyzed by negative binomial regressions. Logistic regression models were used to assess the effects of age at menarche on the dichotomous outcome variables, asthma and asthma symptoms. Adjustments were made for age, height, BMI in categories, smoking, education, birth order, and center. Lung function analyses also included adjustment for age squared. All analysis was performed with Stata SE10 (Stata Corporation, College Station, TX).
This study was approved by local ethics committees in all the study centers.
RESULTS
Characteristics of the 3,354 women aged 27-57 years are presented in Table 1 according to age at menarche. Women with early menarche were shorter and had a higher BMI (Table  1) . Women with early and late menarche were more often exand current smokers (Table 1) , and heavy smoking was more prevalent in women with early menarche. The same group also had less education, indicating lower social class. There were regional differences so that early menarche was more frequent in southern Europe and in Portland, Oregon. Women with early menarche more often came from a large family and were less often a single child.
Adult FEV 1 and FVC were consecutively higher with increasing age at menarche (Table 2) . Analyses adjusting for height, BMI, center, and a range of potential confounding factors revealed that adult lung function was significantly lower for women with menarche at 10 years of age or less (Table 3 and Figure 1A ). FEV 1 percent predicted and FVC percent predicted were also significantly lower in women with early menarche (Table 3 and Figure 1B) . These associations were similar in normal-weight women and women with BMI greater than 25 kg/m 2 . For women with menarche at 10 years of age or less and BMI less than 25, FEV 1 was 117 ml lower (not significant) and for BMI greater than 25, 124 ml lower (2235 to 213). In the group with menarche at 10 years of age or less and BMI less than 25, FVC was 134 ml lower (not significant) and for BMI greater than 25 FVC was 135 ml lower (2264 to 25). For the same age group and BMI less than 25, FEV 1 percent predicted was 3.6% lower (not significant) and for BMI greater than 25 FEV 1 percent predicted was 4.3% lower (28.3 to 20.3). In the same age group and BMI less than 25, FVC percent predicted was 3.4% lower (not significant) and for BMI greater than 25, FVC percent predicted was 4.1% lower (28.1 to 20.1). Impairment in FEV 1 and FVC appeared to be proportionally similar, and no association with lower FEV 1 /FVC ratio was indicated. Adult lung function was not significantly associated with age at menarche within the range of 11-15 years, and higher lung function was indicated but not significant in women with late menarche (Figures 1A and 1B) . Analyses of age at menarche as a continuous variable did not show a significant linear association with lung function (data not given).
Adult asthma assessed as wheeze, three or more symptoms, and asthma score was more prevalent among women with early menarche (Table 2 ). With adjustment for potential confounding factors, women with menarche at 10 years of age or less showed significantly higher risk for wheeze, three or more asthma symptoms, and asthma symptoms with bronchial hyperreactivity, as well as a higher asthma score (Table 3 and Figure 2 ). The strongest association was found for the most specific asthma outcome, asthma symptoms with positive BHR. An association with nonatopic asthma appeared stronger than for atopic asthma, but did not reach statistical significance (Table 3) . Analyses stratified by BMI gave similar findings. There were no consistent indications that late menarche was associated with impaired adult lung health (Table 2) , and multivariate analyses of women with late menarche compared with the reference group (menarche at age 13 yr) showed no significant differences (data not given). 20 5 provocative dose causing 20% decrease in FEV 1 . * Three or more of the following eight asthma symptoms: wheeze, wheeze with breathlessness, wheeze when not having a cold, waking with tightness in chest, shortness of breath in daytime, shortness of breath after strenuous activity, waking with shortness of breath, and waking by attack of cough.
† Allergic sensitization defined as one or more specific IgEs against any of the following allergens: house dust mite (Dermatophagoides pteronyssinus), cat dander, timothy grass, and/or Cladosporium herbarum.
‡ Score ranges from 0 to 5. The items were as follows: (1) breathless while wheezing, (2) waking with tightness in chest, (3) shortness of breath in daytime, (4) shortness of breath after strenuous activity, and (5) waking with shortness of breath.
Analyses of lung function were stratified for asthma and three or more asthma symptoms, and similar results were found for FEV 1 , FVC, FEV 1 percent predicted, and FVC percent predicted (data not given).
We could not detect any time trend in the period covered by our study, a cohort born between 1945 and 1972. Neither did stratification by birth cohorts in tertiles indicate any differences in the association of age at menarche with adult lung function between these cohorts.
Meta-analysis by center was performed for associations between menarche at 10 years of age or less and FEV 1 , percent predicted FEV 1 , and three or more respiratory symptoms. No significant heterogeneity between study centers was found (see the online supplement).
DISCUSSION
In this multicultural population study, reported age at menarche was significantly and consistently associated with adult lung function and adult asthma. FEV 1 and FVC were lower in women with early menarche and women with early menarche had lower FEV 1 and FVC than predicted. These findings were consistent when adjusting for a range of potential confounding factors, in overweight and normal weight women, in subjects with asthma as well as those without asthma, and across centers. An association with FEV 1 /FVC ratio was not identified. Women with early menarche also had more asthma symptoms and more asthma with bronchial hyperreactivity in adulthood, consistent with stratification by BMI or by center. The findings were robust to adjustment for irregular menstruation or when excluding menopausal or currently smoking women. However, we did not observe a dose-response relationship of age at menarche with lung function or asthma; impaired lung health mainly appears to be related to menarche before the age of 11 years.
To our knowledge an association of lower lung function with early menarche is a novel finding. Higher asthma risk in women with early menarche as demonstrated in the present analysis is in accordance with previous findings: Varraso and colleagues (23) found an association between increasing BMI and asthma severity, being stronger in women with early menarche. The strong association of early menarche with asthma and bronchial reactivity in the present analysis supports a role particularly in severe asthma, but we could see no evidence of an interaction of BMI with age at menarche. Guerra and colleagues (26) found a relationship between early menarche, obesity, and later asthma, and Salam and colleagues (27) showed an association between low age at menarche and increased risk of asthma. Our findings are consistent with these observations. The strengths of this study include the large number of study subjects, the multicenter study design, the standardized lung function measurements, objective measurements of specific IgEs and bronchial hyperresponsiveness, as well as an extensive interview concerning women's health. Age at menarche is an important * Analyzed by linear regression, adjusted for BMI in categories, age, age squared, smoking intensity, education specific for countries, order of sibling, height, and center as random effect.
† BHR defined as log(PD 20 ) < 0. ‡ Analyzed by linear regression, adjusted for BMI in categories, age, smoking intensity, education specific for countries, order of sibling, height, and center as random effect.
x Three or more of the following eight asthma symptoms: wheeze, wheeze with breathlessness, wheeze when not having a cold, waking with tightness in chest, shortness of breath in daytime, shortness of breath after strenuous activity, waking with shortness of breath, and waking by attack of cough. k Allergic sensitization defined as one or more specific IgEs against any of the following allergens: house dust mite (Dermatophagoides pteronyssinus), cat dander, timothy grass, and/or Cladosporium herbarum. { Analyzed by negative binomial regressions for symptom score. Adjustments were made for height, age, center, BMI in categories, smoking intensity, and education in tertiles for each country with linear regression, adjusted for BMI in categories, age, smoking intensity, and education specific for countries, order of sibling, height, and center as random effect. ** Score ranges from 0 to 5. The items were as follows: (1) breathless while wheezing in the last 12 months, (2) woken up with a feeling of chest tightness in the last 12 months, (3) attack of shortness of breath at rest in the last 12 months, (4) attack of shortness of breath after exercise in the last 12 months, (5) woken by attack of shortness of breath in the last 12 months. event in a woman's life and recall bias appears to be small (32) . It is unlikely that reporting of menarche should be systematically biased regarding asthma or lung function. We do not have information about childhood BMI, which is an important determinant for the timing of menarche. We do, however, have information about adult BMI, which is closely correlated with childhood BMI (33) . Adjustment for adult BMI did not alter our findings, but it is possible that our findings are related to childhood obesity. We do not have information about birth weight, which has been shown to influence lung function and asthma in adult life (14, 25) . Maternal smoking was slightly less frequent in women reporting early menarche, even though these women smoked more heavily and had lower education in adulthood. This could be explained by geographical differences in maternal smoking; women in southern Europe barely smoked in the postwar period as opposed to mothers in northern Europe, and southern European women have earlier menarche. Meta-analyses on center level were performed for menarche at 10 years age or less for FEV 1 , predicted FEV 1 , and three or more symptoms and showed no significant heterogeneity. Although we cannot rule out some residual confounding we believe we have taken into account all the main possible confounders.
Height is a strong predictor of lung function, both for FVC and FEV 1 . Height is also closely related to age at menarche (1). Menarche occurs in adolescence relatively constantly after the peak growth velocity has passed (1) . Menarche signals the closure of the diaphyses and thus contributes to determine the subject's final height. Early menarche was related to short stature in our data. During the last century age at menarche has decreased as height has steadily increased. Given the complex role of height, we adjusted for height in our analyses. However, this may imply that the developmental component linking age at menarche with adult lung function has in part been adjusted for and is thus underestimated.
The Barker hypothesis suggests that the origin of many diseases is developed already in fetal life (34) . Lower birth weight with higher BMI during childhood predicts early age at menarche. Blell and colleagues (35) showed that the timing of Figure 1 . (A) Adjusted difference (ml) and 95% confidence interval (CI) for the association between age at menarche and FEV 1 and FVC among 3,354 women aged 27 to 57 years. Menarche at 13 years of age is used as reference. Data were analyzed by linear regression, adjusted for age, age squared, height, body mass index (BMI) in categories, smoking intensity, education in tertiles for each country, order of birth, and center as random effect. (B) FEV 1 and FVC, expressed as a percentage of the predicted value, and 95% CI for the association between age at menarche and predicted lung function values. Menarche at 13 years is used as reference Data were analyzed by linear regression, adjusted for age, age squared, height, BMI in categories, smoking intensity, education in tertiles for each country, order of birth, and center as random effect.
menarche was associated with conditions in fetal and early life such as gestational age, maternal age, and BMI at age 9 years. Adult lung health is also related to birth weight, gestational age, and maternal age, suggesting that susceptibility may be determined early in life (14, 15, 21, 25, 36) . The association between early menarche and adult lung function and asthma observed in the present study might in part reflect similar developmental factors, such as intrauterine growth or catch-up growth during childhood.
A critical percentage of fat has been shown to be of importance to the initiation of menarche, and leptin is suggested to be the most important messenger that initiates puberty (1). Our study confirms a strong association of age at menarche with BMI (adult BMI is closely linked with adolescent BMI). Higher leptin levels and higher insulin resistance (4) in women with early menarche, influencing inflammation and the innate immunity (37) , could contribute to the associations with adult lung health. The associations of early menarche with lung function and asthma were also present when adjusting for BMI; this is plausible as BMI is only one of many indicators of insulin resistance. In our study nonatopic asthma symptoms appeared to be more strongly associated with early menarche than atopic asthma, which supports alteration in insulin resistance as a possible explanatory mechanism. Irregular menstruation, another indicator of insulin resistance, was slightly more common in women with early or late menarche, and has been shown to be associated with lower lung function (11) . Adjustment for irregular menstruation did not alter our findings. A role of insulin resistance and systemic inflammation could contribute to explain not only the association of age at menarche with adult respiratory health, but is suggested to explain previously shown associations with cardiovascular disease and diabetes (38) .
Environmental factors are important for onset of puberty. Improved living standards, improved antenatal nutrition of the mother, as well as postnatal nutrition of the child contribute to taller and heavier children, leading to earlier maturation and earlier menarche in girls. When the environment is optimal, age at menarche is mainly controlled by genetic factors (11) . The decline in age at menarche in the Western world during the last 150 years mirrors greatly improved nutritional status and better living conditions. The smaller reduction in age at menarche during the last five decades possibly reflects optimization of living conditions in this respect.
In conclusion, the present analysis of a large multinational study shows that lung function was lower and asthma more common among adult women with menarche before the age of 11 years; consistent by different ways of analyses and in different subgroups. Relating adult respiratory health to an adolescent factor, this observation supports previous literature suggesting that adult respiratory health is partly determined early in life. Further, these findings support previous literature suggesting that hormonal and metabolic factors play an important role in women's respiratory health. Concerning secondary prevention, one might want to be alert regarding the potential increased asthma risk in girls with early menarche; programs focusing on, for example, smoking prevention in adolescents might include early menarche as an indicator of increased risk for impaired respiratory health.
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